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INTRODUCTION 


The  rounds  counter  system  was  designed  to  facilitate  the  testing  of  small 
caliber  weapons.  This  system  has  two  parts:  A  sensor  to  detect  the  firing  of 
che  test  weapon,  and  (2)  an  electronic  rounds  counter  to  display  the  results 
(fig*  1). 

The  sensor  detects  the  rounds  fired  by  the  weapon  and  provides  a  12-volt 
positive  output  pulse  to  the  input  of  the  rounds  counter.  This  output  from  the 
sensor  is  hard-wired  to  the  rounds  counter  electronics  with  a  double  conductor 
shielded  coax  cable.  The  length  of  this  cable  should  be  less  than  250  ft  (70  m) 
to  reduce  the  effects  of  the  capacitance  of  the  cable. 

The  rounds  counter  stores  the  pulses  from  the  sensor  and  displays  either  the 
number  of  rounds  fired  by  the  weapon  or  calculates  its  rate  of  fire  (RO?)  depend¬ 
ing  on  which  mode  of  operation  (rounds  or  rate)  the  user  desires. 

The  rounds  counter  is  powered  by  a  6-volt  external  source.  The  power  supply 
requirements  for  the  various  sensors  are  described  in  the  rounds  counter  sensor 
investigation  section  of  the  report. 


DESCRIPTION 


Rounds  Counter  Electronics  System 


Sensor 


For  each  round  fired  from  the  weapon,  the  sensor  outputs  a  12-volt  dc 
positive  pulse  10  to  50  milliseconds  in  duration  to  the  input  of  the  rounds  coun¬ 
ter.  This  input  is  applied  to  the  latch  time,  rounds  counter,  and  end  of  burst 
detection  circuitry  (fig.  2). 


Rounds  Counter  Circuitry 


As  the  detected  rounds  are  applied  from  the  sensor,  their  counter  cir¬ 
cuitry  stores  and  counts  the  pulses. 

The  output  of  the  counter  circuitry  of  the  rounds  is  applied  to  the  LCD 
display  when  "rounds"  are  selected  on  the  panel.  The  number  of  rounds  counted 
will  be  cumulative  until  the  system  is  reset.  When  “rate”  is  selected  on  the 
panel,  the  output  of  the  rounds  counter  circuitry  is  applied  to  the  enable  calcu¬ 
lator  circuitry  to  perform  rate  of  fire  calculations. 
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Figure  2.  Rounds  counter  electronics  block  diagram 


End  of  Burst  Detector 


This  circuitry  enables  1  kHz  time  pulses  to  be  counted  in  the  timer  when 
the  first  round  is  fired  for  a  burst.  During  the  burst  of  fire,  if  250  millisec¬ 
onds  elapses  from  one  round  to  the  next,  the  end  of  burst  detection  circuitry 
disables  the  1  kHz  timing  pulses  to  perform  rate  of  fire  calculations. 

Time  Base  Oscillator 


This  circuitry  generates  1  kHz  time  pulses  during  burst  length  and  15.2 
Hz  clocking  pulses  for  calculation  sequencing. 


Timer 


The  timer  counts  and  stores  the  number  of  1  kHz  time  pulses  during  a 
bur. st  of  fire. 


Latch  Time  Circuitry 

This  circuitry  latches  in  the  accumulated  time  at  the  end  of  each  round 
preventing  time  inaccuracies  from  occurring  after  the  last  round  has  been  fired. 

The  output  of  the  latch  time  circuitry  is  applied  to  the  enable  calcula¬ 
tor  circuitry  and  represents  the  total  elapsed  time  for  the  burst  of  fire. 


Enable  Calculator  Circuitry 


After  the  burst  of  fire  has  occurred,  the  burst  time  and  the  number  of 
rounds  is  input  to  the  enable  calculator  circuitry.  The  15.2  Hz  clocking  pulses 
sequence  the  input  information  to  the  calculator  in  this  form: 

1.  Thousands,  hundreds,  tens,  and  units  are  sequenced  to  the  enable 
calculator  circuitry  from  the  rounds  counter. 

2.  The  ’‘minus  (-)“  input  to  the  calculator  is  enabled. 

3.  A  "one  (1)"  is  input  to  the  calculator. 

4.  The  "equal  to  (=)"  input  to  the  calculator  is  enabled. 

5.  The  "multiply  (x)"  input  to  the  calculator  chip  is  enabled. 

6.  The  constant  "60,000"  is  entered  in  the  calculator  chip. 
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7.  The  "divide  by  (*)"  input  to  the  calculator  is  enabled. 

8.  The  overall  time  for  the  burst  of  fire  is  entered  into  the  calcu¬ 
lator  (thousands,  hundreds,  tens,  ones). 

9.  The  “equal  to  («)“  input  on  the  calculator  chip  is  enabled. 


Calculator 


The  calculator  performs  all  the  necessary  computations  for  determining 
the  rate  of  fire  for  the  tested  weapon.  The  rate  of  fire  calculations  performed 
by  the  calculator  are  derived  from  the  rate  of  fire  (ROF)  equation. 


Equation 


Tt  “  Elapsed  time  (minutes) 

T  *  Number  of  time  pulses  during  burst  of  fire 
f  »  Frequency  of  time  pulses  (1  kHz  or  6  x  104  pulses/min) 
N  =*  Total  number  of  rounds  for  the  burst 


T 


t 


T  _  T 
f  (6  x  104) 


Rate  of  fire 


(N  -  1) 

T - 


(N  -  1)  (6  x  104) 
T 


LCD  Display 


The  LCD  displays  either  the  cumulative  number  of  rounds  fired  or  the 
rate  of  fire  for  the  tested  weapon.  (See  appendix  for  a  more  detailed  descrip¬ 
tion  of  rounds  counter  electronics  and  schematic.) 


Rate  of  Fire  Capabilities 


Minimum  Capabilities 


The  minimum  rate  of  fire  that  will  be  calculated  by  the  rounds  counter 
is  240  rounds  per  minute  or  four  rounds  per  second.  After  250  milliseconds,  the 


end  of  burst  detection  circuitry  disables  the  1  kHz  timing  pulses  preventing 
rates  of  fire  of  240  rounds  per  minute  or  less  from  being  calculated  (fig.  3). 


Maximum  Capabilities 


The  maximum  rate  of  fire  that  will  be  calculated  by  the  rounds  counter 
is  9,999  rounds  per  minute.  Theoretically,  if  the  sensor  could  output  a  pulse 
every  millisecond,  the  rounds  counter  would  calculate  the  rate  of  fire.  However, 
the  limiting  factor  in  determining  the  maximum  rate  of  fire  is  the  pulse  width  of 
the  sensor's  output  (fig.  3). 


ROUNDS  COUNTER  SENSOR  INVESTIGATION 


A  variety  of  sensors  were  field  tested  to  be  interfaced  with  the  rounds 
counter.  The  sensors  were  evaluated  to  detect  the  fired  projectiles,  the  ejected 
cartridge  casings,  or  the  weapon's  muzzle  pressure. 

Description  of  the  sensors  and  how  they  will  be  used  is  briefly  explained  in 
the  next  few  paragraphs. 


Spectra-Physics  Model  155  Laser  Beam  with  Photo-Diode  Sensor 


This  sensing  device  positions  a  laser  beam  in  direct  line  with  a  light  sen¬ 
sitive  photo  diode.  A  voltage  output  occurs  at  the  output  of  the  photo-diode 
when  the  laser  light  of  the  laser  beam  is  broken.  This  voltage  output  would  be 
used  as  an  input  to  the  rounds  counter  for  triggering  the  counting  circuitry. 

The  tested  configuration  of  the  laser  and  photo-diode  in  relation  to  the 
weapon  is  shown  in  figure  4. 


Kistler  Models  M-701  and  M-601  Pressure  Transducers 


A  pressure  transducer  is  a  device  that  senses  a  change  in  the  air  pressure 
applied  to  its  input.  The  pressure  transducer  would  be  used  to  detect  the  change 
in  pressure  at  the  muzzle  of  the  weapon  when  the  weapon  is  fired. 

The  tested  optimum  configuration  of  the  pressure  transducer  in  relation  to 
the  weapon  is  shown  in  figure  5. 
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Electronic  Counters,  Inc.  Model  M-6200  Gun  Microphone 


The  gun  microphone  is  a  device  that  produces  a  voltage  output  when  a  change 
in  pressure  is  detected  at  its  input.  The  output  of  the  gun  microphone  is  a  dc 
pulse  output  with  a  high  signal  to  noise  ratio. 

The  tested  optimum  configuration  of  the  gun  microphone  in  relation  to  the 
weapon  is  shown  in  figure  6. 


Oehler  Research  Model  55  Ballistics  Screen 


This  device  uses  a  60-watt  Lumiline  lightbulb  with  five  light-sensitive 
detectors  that  responds  to  a  change  in  light  intensity  when  a  projectile  is  fired 
between  the  light  and  the  detectors.  The  output  of  the  ballistics  screen  is  a 
12-volt  positive  pulse,  2  to  30  milliseconds  (adjustable)  in  duration.  The  bal¬ 
listics  screen  is  powered  by  115  volts  ac. 

The  tested  optimum  configuration  of  the  ballistics  screen  in  relation  to  the 
weapon  is  shown  in  figure  7. 


Automated  Concepts,  Inc.  Radar-Cell  Mass  Motion  Detector 


This  device  is  a  self-contained  constant  wave  doppler  radar  system.  This 
system  detects  any  fast  movement  through  its  6-inch  detection  range.  Its  output 
is  a  12-volt  positive  pulse,  2  to  200  milliseconds  (adjustable)  In  duration.  The 
radar-cell  is  powered  by  a  12-volt  dc  power  source  (battery  or  power  supply). 
The  mass  motion  detector  would  be  used  to  detect  the  ejected  casings.  Testing  is 
presently  performed  with  the  mass  motion  detector.  An  optimum  configuration  has 
not  yet  been  determined. 


SENSOR  TEST  AND  EVALUATION  RESULTS 


Spectra-Physics  Model  155  Laser  Beam  with  Photo-Diode  Detector 


This  method  of  detecting  the  projectile  was  unacceptable.  The  flash  from 
the  muzzle  of  the  weapon  greatly  effected  the  output  of  the  photo  diode.  Several 
bursts  of  voltage  pulses  occurred  at  the  output  of  the  phototransistor  circuit 
from  each  round  being  fired  (fig.  8). 
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Kistler  Model  M-601  and  M-701  Pressure  Transducers 


The  pressure  transducer  method  of  detecting  muzzle  pressure  changes  proved 
to  be  effective.  The  output  of  both  pressure  transducers  are  sharp,  clean  dc 
pulses  with  a  high  signal-to-noise  ratio.  The  transducer  output  would  have  to  be 
amplified,  inverted,  and  clamped  to  be  compatible  with  the  rounds  counter  (fig. 
9). 


Electronic  Counters  Inc.,  Model  M-6200  Gun  Microphone 


The  gun  microphone  sensor  produced  an  identifiable  and  accurate  output  which 
could  be  used  to  trigger  the  rounds  counter.  However,  the  amplitude  of  the  out¬ 
put  produced  by  the  gun  microphone  varied  from  round  to  round,  and  it  would  be 
necessary  to  amplify  and  clamp  the  output  to  produce  the  necessary  12-voxt  dc 
input  required  to  trigger  the  rounds  counter  (fig.  10). 


Oehler  Research  Model  55  Ballistics  Screen 


The  ballistics  screen  sensor  produced  an  excellent  output  for  detecting  the 
fired  projectile.  The  output  was  a  sharp  noiseless  digital  pulse  that  easily 
triggered  the  rounds  counter  (fig.  11). 

The  following  two  modifications  were  made  to  the  ballistics  screen: 

1.  The  length  of  the  ballistics  screen  was  cut  down  in  size  to  accommo¬ 
date  the  metal  framed  window  at  the  firing  range.  This  modification  also  made 
the  ballistics  screen  more  sensitive  to  the  projectile  as  the  light  source  was 
brought  closer  to  the  detectors. 

2.  A  0.47-microfarad  capacitor  (fig.  12)  in  the  ballistics  screen  latch¬ 
ing  output  circuitry  was  changed  to  1.5  microfarads  so  that  the  output  could  be 
latched  at  least  20  milliseconds.  This  improvement  was  needed  because  it  was 
noted  that  some  conductive  particles  were  leaving  the  rifle  barrel  slightly  later 
than  the  projectile  and  were  being  counted  as  additional  rounds. 


Automation  Concepts  Mass  Motion  Doppler  Radar  Detection  System 


The  mass  motion  detector  is  an  effective  means  of  detecting  ejected  casings 
during  weapon  firing  tests.  The  output  is  a  sharp  noiseless  digital  pulse.  To 
make  the  mass  motion  detector  compatible  with  the  rounds  counter  the  output  would 
have  to  be  inverted  (fig.  13). 

A  modification  was  made  to  the  mass  motion  detector.  A  model  2N2222  NPN 
transistor  and  two  resistors  ( IK-ohm  and  5K-ohms)  were  added  to  the  mass  motion 
output  of  the  detector  to  invert  the  negative  pulse  output  to  positive  (fig.  14). 
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CONCLUSIONS 


The  rounds  counter  system  is  an  effective  device  which  should  be  used  to 
monitor  the  rate  of  fire  and  the  number  of  rounds  fired  by  any  small  caliber 
weapon.  It  is  lightweight,  portable,  requires  a  very  small  amount  of  current 
during  operation  (less  than  10  ma),  and  is  easily  operated.  The  overall  rounds 
counter  system  is  99.6%  accurate  under  worst  case  conditions  (ROF  calculated  for 
a  two-round  burst  of  fire).  Since  the  rounds  counter  electronics  are  entirely 
solid  state,  the  system  is  very  reliable. 
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Figure  3.  Timing  diagram  showing  slowest  and  fastest  rates  of  fire 
that  will  be  calculated  by  rounds  counter 
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Light  Detector 


Figure  4.  Laser  beam  with  photo-diode  sensor  test  setup 
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Figure  6.  Gun  microphone  test  setup 
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Oehler  Research  Model  55  ballistics  screen  modification 


10  round  burst  of  fire  at  820  rounds/minute 


Figure  12. 
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Ballistics  screen  testing  results  (M-16  weapon  tested) 
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mass  motion  detection  system  modification 


Rounds  counter  panel  layout 


APPENDIX 

ROUNDS  COUNTER  ELECTRONICS 


Component* 

Purpose 

Input  from 

Output  to 

Flip  Flop  it 2 

Enables  dual  up  counter 

1 . 

Sensor  (I/O) 

Dual  up  counter 

(CD-4013) 

#1  (CD-4518)  after  first 

2. 

Multivibrator 

n 

(CD-4518) 

round  is  sensed  (starts 
counting  1  kHz  time  pulses) 

(CD-4098) 

Rounds  Counter 

Stores  the  number  of  rounds 

1. 

Sensor  (I/O) 

i. 

Buffers  It  1  and 

(MC- 14534 ) 

detected  by  the  sensor 

2. 

Multivibrator 

it!  (MM70C97) 

(Cumulative  until  reset) 

(CD-4098) 

2. 

Inverting 
Buffer  f/1 
(MM70C98) 

Buffers  //I 

Provides  BCD  output  of 

1. 

Rounds  Counter 

1. 

LCD  Decoder 

through  #4 

either  rounds  or  calcu¬ 

(MC-14534 ) 

(DF-411) 

(MM70C97) 

lated  rate  of  fire  to  LCD 

2. 

" Rounds-Rate” 

2. 

Calculator 

decoder  (DF-411) 

Switch  (S-2) 

(CTS-002-276- 

1754) 

Multivibrator 

Clock  Flip  Flop  it 3  (CD- 

Sensor  (I/O) 

1. 

Flip  Flop  it 3 

(CD-4098) 

4013)  at  the  end  of  a  burst 

(CD-4013) 

of  fire. 

2. 

Reset  Switch 
(S-3) 

Flip  Flop  it 3 

Detects  when  the  end  of 

1. 

Multivibrator 

1. 

Binary  counter 

burst  has  occurred  and 

(CD-4098) 

(CD-4040) 

enables  15.2  HZ  calculator 

2. 

Switch  S-3 

2. 

4  to  16  line 

sequencing  frequency. 

(clear) 

decoder  ttl 
(CD-4514) 

De bounce 

Clears  binary  counter  (CD- 

Switch  S-4 

1. 

Binary  counter 

(MC-14490) 

4040)  and  4  to  16  line 

(Set  Rate) 

(CD-4040) 

decoder  #1  (CD4514) 

2. 

4  to  16  line 
decoder  #1 
(CD-4514) 

Binary  Dividers 

Divides  1  MHz  oscillator 

Oscillator 

1. 

Binary  Counter 

(CD-4020  and 

frequency  to  produce  15.2 

(CD-4007) 

(CD-4040) 

CD-4024) 

Hz  calculator  sequencing 

2. 

4  to  16  line 

frequency 

3. 

decoder  it  1 
(CD-4514) 
Buffer  //I 
(MM70C97) 

4. 

Rounds  counter 

through  S-2 
(MC14534) 


*  See  table  A-l  and  figure  A-l. 
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Component 


Purpose 


Input  from 


Output  to 


Decade  Dividers  Generates  1  kHz  timing  Oscillator  Dual  up  counter 

#1  through  #3  pulses  from  1  MHz  crystal  (CD-4007)  #1  (CD-4518) 

frequency 


4  to  16  line  Provides  the  proper  sequenc-  1.  Binary  Counter  1.  Inverting  Buf- 

decoders  #1  ing  inputs  to  calculator  (CD-4040)  fer  //I 

through  #3  for  rate  of  fire  calcula-  2.  Binary  Divider  (MM-70C98) 

(CD-4514)  tions.  (CD-4024)  2.  Calculator 

(CT5-002-276- 

1754) 

3.  Noninverting 
buffers  It  1 
through  It  4 
(MM-70C97 ) 


Flip  Flop  Itl 

Enables  either  4  to  16  line 

i. 

Debounce  (MC- 

4  to  16  line 

(CD-4013) 

decoder  Itl  or  It2  (CD-4514) 

14490) 

decoder  #1  (CD- 

2. 

4  to  16  line 

4514) 

decoder  It 2 

(CD-4514) 

Binary  Counter 

Sequences  and  disables  4 

1. 

Binary  divider 

4  to  16  line 

(CD-4040) 

to  16  line  decoders  #1 

(CD-4024) 

decoders  #1 

through  It 3  (CD-4514) 

2. 

Debounce 

through  It 3 

MC-14490) 

(CD-4514) 

Inverting  Buffer 

Enables  the  number  of  rounds 

1. 

Rounds  counter 

Calculator  (CT5- 

!t\  (MM-70C98) 

that  are  applied  to  the 

(MC-14534) 

002-276-1754) 

calculator  for  rate  of  fire 

2. 

4  to  16  line 

calculations 

decoder  It  1 

(CD-4514) 

Dual  up  counters 

Counts  the  total  number  of 

1. 

Decade  divider 

Quad  clocked 

#1  and  n  (CD- 

1  kHz  clock  pulses  for  a 

It 3  (CD-4033) 

D-latches  #1 

4518) 

burst  of  fire. 

2. 

Flip  Flop  It 2 

through  It 4 

(CD-4013) 

(CD-4042) 

3. 

Switch  S-3 

(Clear) 

Quad  clocked 

Latches  in  the  cumulative 

1. 

Dual  up 

Non-inverting 

D-latches  It  1 

time  of  l  kHz  pulses  for 

counters  It  1 

buffers  It  1 

through  It 4 

each  round  detected 

and  It 2  (CD- 

through  #4 

(CD-4042) 

4518) 

(MM-70C97) 

2. 

Switch  S-3 

(Clear) 

Non-inverting 

Sequences  "true"  burst 

1. 

Quad  clocked 

Inverting  buffer 

buffers  #1 

time  to  inverting  buffer 

D-latch  It  I 

it 2  (MM-70C98) 

through  It 4  (MM- 

n 

through  It 4 

70C97) 

(CD-4042) 
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Component 

Purpose 

Input  from 

Output  to 

Inverting  buffer 

Assures  that  a  "0"  is  con¬ 

1.  Non-inverting 

Calculator  (CT5- 

#2  (MM-70C98) 

verted  to  a  "10" 

buffers  #1 
through  4 
(MM-70C97 ) 

2.  4  to  16  line 

decoder  It  3 
(CD-4514) 

002-276-1754) 

BCD  Converter 

Converts  7  segment  data 

Calculator 

Buffer  #4 

(MM-74C9I5) 

to  BCD  data  for  LCD  decoder 
(DF-411) 

(CT5-002-276-1 754) 

(MM-70C97) 

Calculator  (CT5- 

Performs  calculations  for 

All  circuitry  used 

BCD  converter 

002-276-1754) 

rate  of  fire. 

for  calculating 
rate  of  fire 

(MM-74C91 5) 

LCD  Decoder 

Drives  LCD  display  pro¬ 

Buffers  It  1  through 

LCD  (Liquid 

(DF-411) 

viding  correct  waveforms 

U  (MM-70C97 ) 

crystal  displays 

#  1  through  // 4) 


i 


Table  A-l.  Related  data-sheets 


1.  Motorola  Inc.,  "MC14534B  Real  Time  Decade  Counter,"  Volume  5,  Series  B,  Semi¬ 
conductor  Data  Library,  1976,  pp  5-357  to  5-362. 

2.  "MC-14490  Contact  Bounce  Eliminator,"  Volume  5,  Series  B,  Semiconductor  Data 
Library,  1976,  pp  5-224  to  5-230. 

3.  Siliconlx  Inc.,  Data  Sheet  on  "DF-411  -  Four  Digit  LCD  Decoder  Driver,"  LSI 
Design  Catalog,  1978,  pp  3-11  to  3-17. 

4.  Crystaloid  Electronics  Co.,  Data  Sheets  on  "K-5560  Liquid  Crystal  Display" 
and  "5201-A  LCD." 

5.  Radio  Shack,  "276-1754  Calculator  Chip." 

6.  RCA  Solid  State 


CD4098 

Monostable  Multivibrator 

P.259 

CD4013 

Flip/Flop 

P.75 

CD4023 

3-Input  NAND  Gate 

P.67 

CD4040 

Binary  Counter 

P.107 

CD4001 

NOR  Gate 

P.44 

CD4514 

4  to  16  Line  Decoder 

P.288 

CD4007 

Inverter 

P.56 

CD4033 

Decade  Divider 

P.lll 

CD4020 

Binary  Divider 

P.107 

CD4072 

4  Input  OR  Gate 

P.219 

CD4518 

Dual  Up-Counters 

P.292 

CD4042 

Quad  Clocked  Latch 

P.154 

CD4071 

Quad  2-Input  OR  Gate 

P.219 

CD4025 

3-Input  NOR  Gate 

P.44 

CD4002 

4-Input  NOR  Gate 

P.44 

RCA  COS/MOS 

Integrated  Circuit  Selection  Guide, 

1978. 

7.  National  Semiconductor 

"MM74C915  7  Segment  to  BCD  Converter,” 

MOS/LSI  Databook,  pp  11-46  to  11-49 

"MM74C04  Hex  Inverter,"  CMOS  Databook,  pp  1-3  to  1-6. 

"MM70C97  Tri-State  Hex  Buffers,"  CMOS  Databook,  pp  1-174  to  pp  1-178. 
"MM70C98  Tri-State  Hex  Inverters,"  CMOS  Databook,  pp  1-174  to  pp  1-178. 
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Figure  A-l .  Rounds  counter 


Figure  A-l 
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